Any stay in an environment with an increased oxygen content (a higher oxygen partial pressure, pO 2 ) and an increased pressure (hyperbaric conditions) leads to an intensification of oxidative stress. Reactive oxygen species (ROS) damage the molecules of proteins, nucleic acids, cause lipid oxidation and are engaged in the development of numerous diseases, including diseases of the circulatory system, neurodegenerative diseases, etc. There are certain mechanisms of protection against unfavourable effects of oxidative stress. Enzymatic and non-enzymatic systems belong to them. The latter include, among others, heat shock proteins (HSP). Their precise role and mechanism of action have been a subject of intensive research conducted in recent years. Hyperoxia and hyperbaria also have an effect on the expression and activity of nitrogen oxide synthase (NOS). Its product -nitrogen oxide (NO) can react with reactive oxygen species and contribute to the development of nitrosative stress. NOS occurs as isoforms in various tissues and exhibit different reactions to the discussed factors. The authors have prepared a brief review of research determining the effect of hyperoxia and hyperbaria on HSP expression and NOS activity.
INTRODUCTION
For millions of years an oxygen atmosphere has accompanied the majority of organisms inhabiting the Earth, thus ensuring their proper development and survival. However, oxygen has not always been present in the atmosphere in such a concentration as it is at present (20.95%).
In the period of the paleoproterozoic an increase in its content was the cause of the so-called "great oxygenation event" leading, inter alia, to mass deaths of organisms unadjusted to the utilisation of this element in metabolic processes [1] . Currently, besides the tremendous positive role that oxygen and its compounds play in biochemical processes (e.g. cellular respiration [2] , cellular signalling [3] , immunological response [4] ) it may contribute to the development of oxidative stress, particularly in conditions of an increased oxygen concentration (hyperoxia).
Such a condition is a result of a disturbed balance between pro-and antioxidative systems, i.e. the processes of generation of reactive oxygen species (ROS) and an organism's capability for their removal. Over the last two decades it has been one of the most interesting (and at the same time problematic) research topics for scientists all around the world. ROS react with all cell components: lipids, proteins, carbohydrates, nucleic acids [5] . This results in an occurrence of significant changes in the structure and biological function of cells.
In the case of proteins, oxidative damage often leads to a loss of biological activity [6] . In recent years, much attention has been paid to the role of heat shock proteins (HPS) in response to oxidative stress. These proteins, referred to as "protective" ones, are synthesised mainly as a result of an environmental stress (oxidative stress, trauma, hyperthermia, effect of toxins), but also in physiological conditions and play a key role in maintaining cellular homeostasis [7] . Among other things, they protect proteins against aggregation and take an active part in their adoption of a proper structure.
With regard to molecular mass HSPs may be divided into families: small HSP (sHSP, 16-30 kDa), HSP40, HSP60, HSP70, HSP90 and HSP110 (large HSP) [8] . The HSP70 protein family plays a fundamental role in the sorting of proteins, controlling their quality and sending damaged proteins to lysosomes or proteasomes [9] . It contains forms synthesised continuously and remaining under the influence of stress factors (inducible). Moreover, HSP70 indicate anti-inflammatory and anti-apoptotic activity [10] . Small HSP, HSP70 and HSP90 are located in cytoplasm, whereas HSP42 in mitochondria where it participates in the transporting of specific proteins to these organelles [11] , where HSP10, HSP60 and HSP75 are also found [12] .
Oxidative stress is inseparably connected with nitrosative stress, with the main role played by nitrogen oxide (NO). It is synthesised by nitrogen oxide synthase (NOS) as a result of L-arginine conversion to L-citrullin. Three synthase isoforms have been identified: neuronal (nNOS, NOS1), inducible (iNOS, NOS2) and endothelial (eNOS, NOS3) [13] . The reaction of superoxide anion radical (O2
• -) with nitrogen oxide leads to the creation of peroxynitrite (ONOO -) -one of the most important nitrating agents having an effect on protein functions.
The work involved a review of the research concerning the impact of oxidative stress on HSP and NOS expression in the conditions of hyperoxia, not only in blood serum but also in cells and tissues.
THE EFFECT OF HYPEROXIA AND HYPERBARIA AND HSPS AND NOS EXPRESSION
There is a limited number of available works concerned with the effect of hyperoxia/hyperbaria on the expression of heat shock proteins and NOS. And it is definitely the case that more studies refer to oxidative stress which is observed, inter alia, in the mentioned conditions.
THE EFFECT ON HEAT SHOCK PROTEINS
One of the studies which involved an exposure of a group of healthy volunteers (aged between 20-39 years, non-smokers) to hyperbaric oxygen (HBO) (100% oxygen, 2.5 ATA, 3x20 min) revealed a significant increase of synthesis (p<0,01, paired t-test) of inducible HSP72 form in lymphocytes 1 day after the exposure [14] .
Ueng et al. studied the effect of HBO on chondrocyte apoptosis induced with nitrogen oxide (NO) and the role of HSP70 in this process [15] . The study evaluated the expression of HSP70, iNOS and caspase 3. In this paper the author presents only the results in relation to HSP70 and iNOS. The chondrocytes of rabbit joint cartilage were isolated and kept in a culture. Apoptosis was induced with the use of IL-1β generating NO synthesis.
Upon the lapse of 36 hours, the cells were divided into groups: control (C, 5% CO2, 95% of air), subjected to the activity of 100% oxygen at a regular pressure (O, 25 min 100% oxygen, next 5 min. with 5% CO2, 95% of air), subjected to the activity of hyperbaric air (HBA, 90 min. 5% CO2, 95% of air, 2.5 ATA), subjected to the activity of hyperbaric oxygen (HBO, 25 min. 100% oxygen, followed by 5 min. with 5% CO2, 95% of air, 2.5 ATA).
An increased expression of HSP70 was noted in the group O, HBA, HBO (with the respective HSP70/β -actin ratio of: 45.4%, 49.5%, 65.6% in relation to control group -29.8%) and mRNA for HSP70. A rise in protein expression was also observed upon the lapse of 12 and 24 hours, also in the chondrocytes of animals subjected to the exposure of hyperbaric oxygen (100% oxygen, 2.5 ATA, 1.5 hours a day 5 days a week. A significant drop in iNOS expression (the iNOS/β-actin ratio) was noted in chondrocytes immediately following the exposures in all groups (O, HBA, HBO respectively: 53.1%, 48.3%, 18.8%) in relation to the control group (64.0%). Moreover, a decrease in mRNA for iNOS occurred. Similar relationships were observed after 12 and 24 hours [15] .
The available publications concerning the role of HBO in decompression sickness (DCS) also indicate an effect of hyperbaria on HSP70. Xiao-Xiao et al. demonstrated a significant increase in HSP70 expression in spinal cord cells (mainly neurons) and pulmonary tissue (alveolar epithelial and endothelial cells) in rats with the peak occurring 18 hours from hyperbaric exposures (expressed as a HSP70/β-actin ratio); a statistically insignificant expression increase (p>0.05) was observed in the case of HSP27 and HSP90 [16] .
The interval of markings was defined at 6 hours with the highest peak presumably falling around the 20th hour. The application of quercetin -an HSPs inhibitor, significantly reduced the effect of HBO. Quercetin participates in the modification of HSF-1 tertiary structures [17] . The authors indicate that an increase in HSP70 expression depends on NO (experiments were carried out with the use of an iNOS inhibitor). Simultaneously, NOS function is significantly influenced by HSP90 [18] .
An interesting study was presented by Huang et al. regarding HBO effect on HSP32 expression [19] . It is an enzyme -heme oxygenase 1, participating in heme degradation to biliverdin, carbon monoxide (CO) and iron ions [20] . The authors subjected spinal neurons to the influence of hyperbaric oxygen for 60 minutes (280 kPa, mixture with 1.79% CO2 for the maintenance of CO2 partial pressure at 5 kPa and the pH of cell cultures).
It was found that an increase in the levels of intracellular ROS and NO (immediately after hyperbaric exposure) as well as HSP32 expression was dependent on HBO. The application of a ROS scavenger (NAC, N-acetylcystein) significantly reduced the HSP32 expression. At the same time, it was found that pathways ROS/p38 MAPK/Nrf2 (p38 mitogen activated protein kinase/Nuclear factor-E2-related factor-2) and MEK1/2/Bach1 (mitogen-activated and extracellular signal-regulated kinase 1/2/BTB and CNC homology 1 as a negative regulation pathway) are engaged in the induction of HSP32 expression [19] .
The authors of the study note that ROS (however not NO) are an important HSP32 inducing factor. Heme degradation products may reveal cytoprotective and antioxidant activity. It is also known that the HSP32/CO system may have an anti-inflammatory and anti-apoptotic effect [21] .
Similar results concerning HSP32 were obtained by the authors in their previous study (with the peak occurring at the 12th hour), where a statistically insignificant increase in the expression of HSP27, HSP70 and HSP90 was observed [22] .
THE EFFECT ON NITROGEN OXIDE SYNTHASE
[23] demonstrated the effect of HBO on the expression of various NOS isoforms in cochlea cells in guinea pigs, where nNOS and eNOS occur physiologically and iNOS is expressed under the influence of toxins, ischaemia or noise-induced hearing loss. It was found the particular NOS forms are expressed to a different degree in different parts of the cochlea. The researchers observed that following 20 HBO exposures only some regions were characterised by a significant increase in nNOS and eNOS expression (with the use of immunohistochemical staining). iNOS showed no differences in the expression prior to and following HBO application.
[24] Cabigas et al. presented results of an interesting work regarding the cardioprotective mechanisms induced by hyperoxia, hyperbaria and activating NOS. The studies were conducted on rats in the following conditions: hyperoxia (100% oxygen) and normobaria (1 ATM), normoxia (21% of oxygen) and hyperbaria (2 ATM), hyperoxia (100% oxygen) and hyperbaria (2 ATM) for 1 hour. The control group consisted of animals exposed (also for 1 hour) to the conditions of normoxia (21% of oxygen) and normobaria (1 ATM).
The resistance of myocardial tissue to ischaemia was examined on an isolated heart model separated using the sternotomy technique. In order to see whether the cardioprotective mechanism is induced by NOS an NOS inhibitor was used -L-NAME. The evaluation of eNOS and HSP90 expression was performed with the use of the Western blot method with the use of myocardial tissue homogenate. The hearts of rats subjected to hyperoxia and hyperbaria were characterised by an increased eNOS expression.
At the same time, hyperoxia and hyperbaria caused a significant increase, by 4 times, in the activity of HSP90 and eNOS (protein-protein) in relation to the control group, without an increase of total HSP90 content. An analysis of nitrite (NO2ˉ) and nitrate content (NO3ˉ) in myocardial tissue showed their significant increase, in the conditions of normoxia and hyperbaria, as well as hyperoxia and hyperbaria (by 2.2 and 2.3 times respectively, p<0.05). This correlates with an increase in NOS expression. L-NAME perfused hearts were characterised by a larger necrotic area resulting from the ischaemia (this did not concern only the normoxia and normobaria groups) in relation to control group.
NOS expression in brain tissue was similar. Chavko et al. describe a study regarding protein nitration and oxydation in hyperoxia conditions [25] . They subjected rats to hyperbaric exposures (5 ATM, time between 2 and 13 minutes or until an occurrence of characteristic changes in the EEG record caused by oxygen toxicity). The Western blot method was used to measure nitrotyrosine content in brain tissue homogenate following hyperbaric exposures. Nitrotyrosine (NT) is a marker of OONOˉ production (peroxynitrite, a significant nitrating agent). OONOˉ occurs in reaction with NO
• (which in turn is produced by NOS) with superoxide anion radical (O2
•ˉ) , belonging to reactive oxygen species (ROS). NT content increased in every minute of the exposure and remained elevated upon its completion.
The use of 7-NI as a specific nNOS inhibitor led to a significant reduction of NO synthesis and NT production (p<0.05). At the same time the authors report that NO
• reaction with O2
•ˉ is one of the fastest reactions in which NO
• participates and leads to the creation of extremely reactive peroxynitrite [25] . Therefore, during HBO exposure the activity of NOS and generation of NO • increases, thus resulting in an increase in NT content in the brain.
Baynosa et al. have presented results of interesting studies on animals concerning the mitigating impact of HBO on ischaemia-reperfusion effects with the presence of NO and being NOS-dependent [26] . The authors specified the following groups: early-phase group: non ischemic control, NIC, ischaeia-reperfusion group (4-hour ischeamiapa, 30-minute reperfusion, IR), ischaemia-reperfusion-HBO group (4-hour ischaemia, 30-minute reperfusion, HBO during final 90 minutes of ischaemia, IR-HBO), NIC-HBO control group and latephase group: NIC, ischaemia-reperfusion group (4-hour ischeamia, 24-hour reperfusion, IR), ischaemiareperfusion-HBO group (4-hour ischaemia, 24-hour reperfusion and HBO during the final 90 minutes of ischaemia, IR-HBO). HBO: 100% oxygen, 2.5 ATA.
Ischaemia was induced by the clamping of the femoral artery and vein for a specified period of time, followed by release of the clamping in order to achieve reperfusion. In early-phase groups (30-minute reperfusion) no statistically significant differences in the expression of mRNA for NOS were noted in the gracilis muscle, rectus femoris muscle, artery, pulmonary tissue or between the groups. A statistically significant drop in mRNA NOS expression was observed in the artery in the IR-HBO group as compared to the NIC group. [26] .
Research material consisting of results from studies on blood serum are available. The studies conducted on professional military divers [27] indicated a high starting level of NO3ˉ and a significant drop following a period of 6-weeks of diving activities (49.61±19.86μM vs. 36.99±8.82μM, p<0.05), which may point to a reduction in iNOS expression and activity in consecutive weeks of diving. There is also an opinion regarding iNOS synthesis inhibition due to the toxic effect of oxygen (hyperoxia in the course of diving). The authors of the above study also refer to the work where it was found that a significant increase in iNOS expression can occur after scuba diving [28] .
DISCUSSION

HEAT SHOCK PROTEINS
The paper demonstrated the effect of hyperoxia and hyperbaric conditions on the expression of heat shock proteins and the activity of nitrogen oxide synthase in various tissues and blood serum. The effects of oxygen applied at a regular and increased pressure are different depending on cell and tissue (system) types. In all of the quoted studies an increase in the expression of various HSPs and NOS activity (and its particular isoforms) was observed, which was strictly related to the type of test material.
More research and results referring to a single specified type of cells or tissues are needed as well as marking of HSP expression, NOS activity in such tissues, comparisons with blood serum and times followed by parameter marking. Without such data it is extremely difficult to compare research results.
HSP are referred to as protective proteins. One of their roles consists in protecting cells against the harmful effects of oxidative (more precisely: reactive oxygen species) and nitrosative stress [29] . They are responsible for the link between the external environment and cells, they are located mainly intracellularly. Anti-apoptotic activity is characteristic of these polypeptides, which allows to increase cell survival under the influence of stressors [30] .
To illustrate this, for instance, the expression of HSP90 occurs at a high level in normal conditions, i.e. physiological. That of HSP70, in turn, occurs upon activation of stress factors [31] . Hence the observed significant increase, for instance, in the expression of HSP70, HSP72 in hyperbaric conditions (quoted after [14, 15, 16] ), where ROS generation and oxidative stress are intensified. This, on the other hand, or more precisely the level of reactive oxygen species, may lead to an activation of HSF1 (heat shock factor 1) inducing HSP gene transcription [32] .
Such conditions lead to an occurrence of oxidative protein damage. HSP70 initiate the degradation of these molecules in proteasomes by recognising, joining a protein molecule and directing it towards 20S proteasomes [33] .
An increase in HSP70 expression in cells subjected to oxidative stress may reach over 200%, whilst its inhibition leads to an accumulation of proteins with oxidative damage [33] . Reeg et al. also concluded that the inhibition of HSP70 expression does not result in changes in the formation of protein aggregates [33] . This is contradictory to numerous findings regarding the role of heat shock proteins (including the inhibition of an occurrence of denaturated protein aggregates, removal of denaturated polypeptides [34] ), and may indicate that the HSP70 family does not participate in the aggregation prevention process.
HSP70 also take part in removing proteins through ubiquitination [35] . During oxidative stress, the maintenance of stability and integrity of 20S proteasomes is also ensured by an involvement of HSP90; this relationship was described already in 1998 [36] .
A significant increase in HSP70 expression was not observed in spinal neurons [19] . What is characteristic of nervous tissue is a high level of HSP70-2 (one of the representatives of the HSP70 subfamily revealing 84% homology with HSP70-1a described in literature as HSP70/72) [34] . Perhaps, marking of an expression of a single specified protein (HSP70-2) would bring different results.
The authors of the study [16] did not show a statistically significant increase in HSP27 expression in spinal neurons. However, it needs to be emphasised that the said polypeptide counteracts an accumulation of damaged proteins in the nervous cells responsible for the development of neurodegenerative diseases [37] . Moreover, it reveals antioxidant activity, maintains glutation in a reduced form, thus contributing to a decrease in the level of free radicals [38] .
The protection against oxidative stress and reactive oxygen species is also ensured by HSP32. Heme oxygenase removes heme from the reactive environment which has an effect on ROS generation in Fenton's reaction [39] ; carbon monoxide, on the other hand, blocks Fe 2+ oxidation, thus inhibiting prooxidative effects [40] . Nonetheless, it should be remembered that HSP32 may intensify ROS production caused by a high concentration of Fe 2+ ions [20] .
NITROGEN OXIDE SYNTHASE
Hyperoxia and hyperbaric oxygen lead to a reduction of iNOS expression in cartilage [15] . HSP70 protects chondrocytes from NO-induced caspase 3 activation [41] by revealing an anti-apoptotic effect.
The effect of hyperoxia and/or hyperbaria on nitrogen oxide synthase activity varies depending on enzyme isoform. We distinguish 3 isoforms: neuronal, inducible and endothelial (also called, in combination with nNOS -constitutive, cNOS). The inducible form is responsible for long-term synthesis of larger quantities of NO [42] . However the majority of presented studies show that an increased oxygen pressure and content in the breathing mix does not significantly influence iNOS expression in tissues.
It appears, however, that the situation may be different when it comes to blood serum/plasma [27, 43] and other tissues. Hyperoxia (>95% O2) causes an increase of iNOS expression by 5 times and a double growth of eNOS expression in the pulmonary tissue in rats [44] . A rise in the expression of mRMA for iNOS, iNOS protein and nitrotyrosine concentration is also observed in the brain in conditions of an increased oxygen concentration [45] .
Particular isoforms vary, inter alia, by structure, molecular mass and placement in the cell. The enzyme's task consists in nitrogen oxide (II) synthesis from the remaining nitric L-arginine. Nitrogen oxide fulfils significant functions in multiple life processes. Among other things, it is responsible for blood pressure regulation, blood platelets aggregation inhibition, neurotransmission, and many other. NOS overexpression, particularly the iNOS form, may be unfavourable for an organism, whereas high NO concentration may have a cytotoxic effect on cells [46] .
Large amounts of NO may inhibit the flow of electrons in the respiratory chain and activate cyclooxygenase (COX), thus leading to the generation of reactive oxygen species [47] . The reaction of nitrogen oxide with superoxide anion radical (a reactive oxygen species occurring, inter alia, in the conditions of oxidative stress) leads to the creation of highly reactive and toxic peroxynitrite (OONOˉ). Proteins affected by peroxynitrite may lose their specific characteristics and capabilities, e.g. catalytic. The amount of generated OONOˉ may be measured by the quantity of changed proteinnitrotyrosine.
The available studies indicate that NO and NOS may play a significant role in the pathogenesis of oxidative lung damage by having both an adverse effect as well as that of minimising the organ's damage [48] . It is assumed that the exposure to high oxygen concentrations leads to an increase in NOS expression and NO activity (in pulmonary parenchyma particularly of eNOS). However, the effects of various oxygen conditions on NOS depends on the organ, enzyme form and locations of cells containing NOS in organs.
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